Abstract. Pyrrole was successfully polymerized on copper surface in ethanol solution using hydrogen peroxide as catalyst to generate an adherent and homogeneous polypyrrole (PPy) coating. The PPy was formed of clusters composed of small spherical grains. The layer has remained stable when immersed in 0.1mol L -1 NaCl for 7 days, which indicated that the copper-PPy arrangement is stable in corrosive environment. The polarisation curves showed that the PPy layer can promote a positive displacement in the corrosion potential compared to the value of the uncoated copper. It also was observed that the corrosion current density decreases sharply in the presence of the lauric acid as dopant. These results indicate that PPy-lauric acid can act as a protective layer on copper and improve the overall corrosion performance.
Introduction
Copper and its alloys are widely used in many fields, including electronics, biomedicine, industrial catalysis, telecommunications and construction because of its desirable physicochemical, mechanical and aesthetic properties, high electrical conductivity, excellent thermal conductivity and good corrosion resistance. Its corrosion resistance is explained by their ability to produce passive oxide films or other protective insoluble corrosion products [1] [2] [3] [4] .
Comparing the various uses of copper with other metals, it is the metal with more diversified applications in human civilization, and almost all of them occur in conditions of atmospheric exposure [5] . Copper reacts easily in ordinary and oxygen containing environments, and it readily corrodes in a variety of environments, like in humid air or in liquids, in the presence of certain inorganic or organic materials, especially in environment including chloride ions [1, 2, 4] . Therefore, for the use of copper and its alloys in aggressive conditions, prevention of the corrosion should be done.
Corrosion inhibitors are required to reduce corrosion rates of metallic materials in corrosive media. Some organic substances such as heterocyclics and aromatics employed as copper corrosion inhibitors protect the metal by forming thin films on the surface and show good inhibiting properties towards the corrosion of copper and its alloys. Conductive polymers constitute a plausible alternative to such small organic molecules. The ability of conducting coatings to protect metal surfaces has led to a growing interest on synthesizing these coatings on iron, aluminium and their alloys in order to assess the corrosion protection that they afford [4] .
The polypyrrole (PPy) is presented as one of the most promising conducting polymers to act as coatings for protecting metals against corrosion, because of its high conductivity, stability, processability, and ease of synthesis [6] .
Studies have shown that PPy can be synthesized by electrochemical polymerization on copper surfaces. The authors showed that the polymeric films can protect the metal against corrosion [1, 8, 9] . It is noticed that the presence of heteroatoms, such as nitrogen, in the organic compound molecule improves its action as copper corrosion inhibitor [7] . The polymer works as a physical barrier or a passivator [1] hindering the penetration of corrosive species on copper.
The conductivity of PPy often can be increased by doping process and doping ion has a key role in corrosion protection of metals [10] .
Despite chemical synthesis have some advantages, because it allows the production of large quantities of PPy through a relatively simple method, with low cost, and it does not depend on the corrosion potential of metal electrode, a chemical deposition of PPy on copper surfaces has not been investigated.
In the present work, PPy coating was chemically deposited on copper surfaces using lauric acid as a dopant. The objective is to evaluate the performance and efficiency of the PPy coating on protecting the copper against corrosion.
Experimental
The substrate used was copper 99.9%. A copper disk of 2.0 cm in diameter and 0.5 cm in thickness was abraded using silicon carbide paper with different grit (220-1200 grit) and it was polished with felt containing alumina.
Chemical synthesis using the in situ deposition were performed at 40ºC with the pyrrole monomer (C 4 lauric acid was prepared to immerse the copper disk, after activation in hydrogen peroxide solution. After 10 minutes, the remaining hydrogen peroxide was transferred to the solution containing pyrrole and lauric acid with the copper disk. The mixture was allowed to stand 4 days in order to obtain a coating of PPy on the copper surface. Finally, the sample was removed from the solution and it was immersed 3 times in distilled water, rinsed and dried in vacuum. The SEM images were used to analyze the homogeneity, the dispersion, agglomerates and macroscopic defects of the samples. The model of the Scanning Electron Microscope used to analyze the surfaces was the Jeol JXA-840A. Qualitative analysis of the elements contained in the PPy layers were performed by EDS coupled to SEM.
The infrared spectroscopy was used to analyze the polymer to verify the existence of characteristic bands of PPy and lauric acid in the films. The spectrometer model used to analyze the samples of PPy was Spectrum Spotlight 400 FT-IR from PerkinElmer. All spectra were preprocessed with Software Spectrum 5.3 (PerkinElmer) and carried out the baseline correction, spectral smoothing using the SavistzkyGolay algorithm (9 points).
The corrosion performance was evaluated by Open Circuit Potential (OCP) monitoring and potentiodynamic polarisation curves in 0.1 mol L -1 NaCl solution. Open circuit potential (OCP) measurements were monitored for 6 hours using a potentiostat-galvanostat MQPG-model 1 Microquimica and Ag/AgCl (3 mol L -1 KCl, Metrohm) as reference electrode. The samples were conditioned until stable potentials were achieved. Then, the potentiodynamic polarisation experiments were carried out from -1.0 to 1.0 V vs. Ag/AgCl (3 mol L -1 KCl) at a sweep rate of 1 mV s -1 . Tafel plots were analyzed by extrapolation of anodic and cathodic polarisation curves. These electrochemical data allow to analyse whether the PPy coating layer is effective on protecting copper against corrosion. protection. This is partly due to the difficulty in electropolymerization of the monomer to generate the conducting polymer on an oxidizable metal, such as copper. Due to its low corrosion potential in aqueous media, copper dissolves at the potential necessary to oxidize the pyrrole monomer [8] . On the other hand, this chemical synthesis has advantage, because it allows the polymerization directly onto copper surface.
Results and Discussion

Chemical coating of polypyrrole (PPy) on copper
Characterization of the PPy layer -Scanning Electron Microscopy (SEM)
The SEM micrographs showing the morphology of the uncoated copper surface and with the polypyrrole formed from a 0.1 mol L -1 pyrrole and 0.2 mol L -1 lauric acid solution is shown in Fig. 1 . The micrographs are presented in different magnifications. These micrographs were recorded after dehydration of the sample. The polymer depicted in Fig. 1 (B) and (C) shows the characteristic morphology of PPy with microspheroidal grains consisted of clusters of small spherical grains. In Fig. 1 (D) the polymer was formed and then immersed in 0.1 mol L -1 NaCl for 7 days. The polymer shows aggregates of these small spherical grains like Fig. 1 (C) , however, the micrograph exhibit cluster more compact, which indicates that the copper-PPy arrangement is stable after corrosion process. (Table 1) shows the EDX analyses made on the surface of disk that contain only copper. In 2.2 keV is observed the signal of the gold used to metallize the copper surface obtained by evaporation at low vacuum sputter to enhance the contrast. 
22nd Brazilian Conference on Materials Science and Engineering
The EDX analysis made on the surface of PPy-lauric acid coated copper depicted in Fig. 3  (Table 2 ) revealed 17.87% of the element oxygen that denoted the presence of an amount of lauric acid in the PPy polymer, 45.13% C and 36.05% N.
-Infrared Spectroscopy (FTIR) Fig. 4 shows the infrared spectra of the synthesized PPy in the medium without lauric acid (Fig. 4A) and PPy synthesized in the solution 0.2 mol L -1 lauric acid (Fig. 4B) . The infrared spectra analysis comparison, Fig. 4B shows a strong signal at 1702 cm -1 of carbonyl group stretch and at 1603 cm -1 the alkene group stretch in Fig. 4A , these data show that the polymer is doped with lauric acid.
Corrosion protection performance -Open circuit potential (OCP)
Once the copper was coated with PPy, they were washed in deionized water and then dipped into 0.1 mol L -1 NaCl corrosive test solution. The open circuit potential was followed with time regarding Ag/AgCl reference electrode (Fig. 5) .
As can be observed the open-circuit potential of the PPy-covered copper is initially much nobler than the untreated electrode under the same conditions. These results indicating that the PPy film can protect the copper surfaces [8, 10] . Fig. 6 is observed the Tafel plots for PPy coated copper and uncoated copper in aqueous 0.1 mol L -1 NaCl. As shown in the curves, the corrosion potential for coated copper has shifted to more positive potentials, than the uncoated copper, about 211 mV for PPy and 242 mV for PPy-lauric acid.
From the measured corrosion current density, j corr values, the protection efficiency is calculated from the Equation 1 [11] :
Protection Efficiency = [(j corr -j corr PPy ) ⁄ j corr ] × 100 (Eq.1) j corr and j corrPPy are the corrosion current density values (Table 1) in the absence and presence of the PPy coating, respectively. The results have shown that a substantial reduction in the j corr occurs for the PPy-lauric acid coated copper with respect to the only PPy coated. It was noted in Table 3 that the corrosion potential of coated copper displays to more positive direction, indicating anodic protection [12] . Furthermore, the current density, j corr , decreases sharply in the presence of lauric acid. The polarisation curves demonstrate that the PPy layer can cause a positive displacement in the corrosion potential, compared to the value of the uncoated copper. These results indicate that PPy can act as a protective layer on copper and improve the resistance corrosion performance. The result is also supported by data of the OCP curves (Fig. 5) . 
94%
The corrosion current density value of the coated copper with PPy is higher than that of coated by PPy-lauric acid. The use of lauric acid as dopant decreases the corrosion rate of copper coated with PPy. The protection efficiency of the coating is 6% for PPy and 94% for PPy-lauric acid ( Table 1 ). The PPy coating can act as a physical barrier in the corrosive environment. The polymer containing the dopant limits with more efficiency the transportation of corrosive species to copper surface indicating that it is the most effective inhibitive coating. Wang et al reported that PPy doped with dodecilbenzene sulfonate (DBS -) obtained by electrochemical method on copper electrode could inhibit the corrosion of metal. The authors suggested that the doping ion DBS − with large size could obstruct the corrosion ions Cl − from penetrating the PPy films [13] .
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Conclusion
Pyrrole was successfully polymerized at a copper surface in ethanol solution using hydrogen peroxide as catalyst to generate an adherent and homogeneous polypyrrole coating. The anticipated activation of the copper in the hydrogen peroxide solution is required and it enables the PPy nucleation to occur directly onto copper surface favoring the formation of the layer.
The OCP and polarisation curves demonstrate that the PPy layer can promote a positive displacement in the corrosion potential compared to the value of the uncoated copper. The corrosion potential of coated copper increases and the corrosion current density decreases in the presence of lauric acid as dopant. These results indicate that doped PPy can act as a protective layer on copper and improve the overall corrosion performance.
